Differences in Movement of Temporomandibular Joints in Athletes With and Without Orofacial Injuries by Nikolina Lešić et al.
1
N. Lešić: Differences in Movement of Tempoomandibular Joints, Coll. Antropol. 40 (2016) 3: ???–???Coll. Antropol. 40 (2016) 3: ???–???
Original scientific paper
Differences in Movement of Temporomandibular 
Joints in Athletes With and Without Orofacial  
Injuries
Nikolina Lešić1, Davor Seifert1, Miroslav Zečić2, Hrvoje Pezo3
1 Private Dental Practice Seifert, Zagreb, Croatia
2 Croatian Tennis Association, Zagreb, Croatia
3 Polyclinic Ars Salutaris, Zagreb, Croatia
A B S T R A C T
All sporting activities have an associated risk of orofacial injuries due to falls, collisions with players, devices, and 
hard surfaces. The purpose of this investigation was to determine is there alteration of condylar path and frontal guidance 
values in athletes with and without orofacial injuries. The sample consists of 34 athletes who were divided into two groups 
(Control and Examines group). “Control group” consists of 11 athletes without data of macrotrauma of the stomatog-
natic system (athletes who didn’t get blow to the face). The second group is “Examines group” witch consists of 23 athletes 
with macrotrauma (athletes who get blow to the face), 11 of them were athletes with macrotrauma on the right side of jaw 
and 12 of them were athletes with macrotrauma on the left side of jaw. Athletes with anamnestic blow to the jaws, im-
mediately after injury, have had stiffness/pain of masticatory muscles, pain in region of TMJ, and limitation of jaw 
movements. But all symptoms diminished and finally were gone after some days or weeks after injury. In time of investi-
gation all of them were completely without any symptom of temporomandibular dysfunction according to RDC/TMD 
protocol, and were completely satisfied with function of their stomatognathic system. Athletes with macrotrauma have 
limitation of Bennett angle on the one side while on the opposite side Bennett angle is larger than the average values 
given in literature.  As conclusion, if athletes with macrotrauma need prosthetic therapy, without individual articulator 
adjustment, prosthodontics work can cause iatrogenic interference. That interference during time may cause temporoman-
dibular dysfunction. All patients need individual approach to their stomatognatic system, and only in that way damage 
to the system can be avoided.
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ments such as the Bennett angle is greatly important for 
a right prosthodontic and gnathological rehabilitation7. 
The aim of this investigation is to determine if there is an 
alteration of condylar path and frontal guidance values in 
athletes with injury to the stomatognatic system com-
pared to the non-injured ones. The random sample con-
sists of 34 athletes from the City of Zagreb and the Zagreb 
County. Before a questionnaire survey was conducted, the 
athletes had been given directions and explanations of the 
purpose of the survey. The questionnaires were completed 
personally with the help of a researcher. In all athletes, 
movements of mandibular condyle, mandibular move-
ments at the point of mandibular incisors and the tracing 
of movements’ paths were recorded using ultrasound de-
vice ARCUSdigma.
Introduction
The greater popularity of sports and exercising, be-
sides from having health benefits also leads to a larger 
possibility of dental and orofacial injuries1,2,3. All sporting 
activities have an associated risk of orofacial injuries due 
to falls and collisions with players, devices, and hard sur-
faces4,5. According to Clegg’s6 research, in the course of an 
athlete’s career injuries to the stomatognatic system ac-
count for 33% to 56% of all injuries. Many of these orofa-
cial injuries heal without any subjective symptoms but the 
consequences frequently remain.  During prosthodontic 
rehabilitation procedures, individual occlusal morphology 
and stabile interocclusal contacts must be achieved. The 
measurement “in vivo” of a temporomandibular  move-
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Subjects and Methods
This survey includes 6 female and 28 male athletes 
divided into two groups. Examinees group consists of 11 
athletes with macrotrauma on the right side of jaw and 12 
athletes with macrotrauma on the left side of jaw. Imme-
diately after injury, they experienced stiffness/pain of 
masticator muscles, pain in the region of temporoman-
dibular joints, or limitation of jaw movements. In combina-
tion with these symptoms in some cases there were inju-
ries to the teeth, lacerations, contusions and erosions of 
soft tissues. However, all symptoms diminished and fi-
nally disappeared several days or weeks after the injury. 
At the time of this investigation all of the athletes showed 
no subjective symptoms of temporomandibular dysfunc-
tion according to RDC/TMD protocol, and were complete-
ly satisfied with the function of their stomatognatic sys-
tem. The control group consists of 11 athletes with no data 
of macrotrauma of the stomatognatic system in their med-
ical histories. A descriptive statistic, means and standard 
deviations were used to clarify a difference between Con-
trol and two Test Groups with macrotrauma on different 
sides of jaw. Multivariate analysis of variance (MANOVA) 
was used to compare mean differences between three 
groups on Bennett angle.
In this investigation the average value of the sagittal 
condylar path for non-injures athletes was 49.05 degree on 
the right side and 48.33 degree on the left side. Gisy8,9,10 
established values of 33 degrees for sagittal condylar incli-
nation with significant difference between the right and 
the left side. In this investigation values for the non-injured 
athletes differ from the values measured by Gisy by more 
than 15 degrees. Values revealed in this investigation dif-
fer from other electronically measured values by approxi-
mately 10 degrees. Electronically measured sagittal con-
dylar path inclination was 40.6 degree as reported by Hobo 
and Takayama11. Cimic et al. were reported that the mean 
sagittal condylar inclination value was 41.0 degree for the 
right joint and 40.7 degree for the left joint12. In investiga-
tion of Cimic et al. condylar movement in the sagittal direc-
tion is not uniform13. They point out that mean left and 
mean right condylar inclination values do not necessarily 
describe the actual condylar path, nor do they give ade-
quate information for articulator setup. Left-right side 
condylar inclination differences greater than 10 degrees 
can be considered as normal. In our investigation differ-
ence between mean left and right condylar inclination is 
within 1 degree. In investigation of Tannamala et al. the 
mean condylar guidance angle between the right and left 
side by protrusive record method and panoramic radio-
graphic method was not statistically significant. The com-
parison of mean condylar guidance angles between the 
right side of the protrusive record method and the right 
side of the panoramic radiographic method and the left side 
of the protrusive record method and the left side of the 
panoramic radiographic method (p= 0.071 and p= 0.057, 
respectively) were not statistically significant14. Method of 
determining sagittal condylar path in our investigation 
and in investigation of the Tannamala et all. are not the 
same but shows that there is no different between left and 
right side. Godavarthi et all. estimated condylar guidance 
values obtained by the interocclusal method and radio-
graphic method in dentate individuals on the right side and 
left side 40.55°, and 37.1°, and 40.15°, and 34.75°, respec-
tively15. In this investigation interocclusal values are clos-
er to our investigaton values electronically measured than 
values obtain by radiographic method. In investigation of 
Prasad at all.16 the average condylar inclination measured 
by axiograph is 42.125° which value is close to our investi-
gation. Both values are obtained electronically. The aver-
age value of the sagittal condylar path for athletes with 
macrotrauma was 38.53 degrees on the right side and 
37.12 degrees on the left side. The average values for the 
examinees group are closer to Gisy’s values. The signifi-
cant difference between the control and the examinees 
group in this examination suggests that a trauma changes 
the normal function of temporomandibular joints, even 
without any noticeable symptoms. The statistical analysis 
of the control group, which consisted of 11 athletes, ob-
tained an average value for the right Bennett angle of 14.44 
degrees. The minimum value was 7 degrees and the max-
imum 25.8 degrees. The range of 18.8 degrees is very large 
and reweals large differences in joint movements between 
individuals. The average value of the Bennett angle on the 
left side was 12.89 degrees. The minimum angle was 5.8 
degrees and the maximum 21.8 degrees with a range of 
values of 16 degrees, which is still a big difference and 
speaks to the diversity in joint movements between indi-
vidual entities. The average value of the difference between 
the left and the right Bennett angle is 3.45 degrees. The 
specified value is the mean value obtained by summing up 
the difference between the left and the right Bennett angle 
of an entity in the control group and is divided by the total 
number of athletes in the control group (N = 11). The small-
est difference between the left and the right Bennett angle 
was 1.2 degrees and the biggest 5.1 degrees. The resulting 
range of 3.9 degrees with a standard deviation of 1.34 
shows high biodiversity i.e. of great individual differences. 
The difference between the average values of the left and 
the right Bennett angle is even lower measuring at only 
1.55 degrees (Table 1.)
The statistical analysis of athletes with macrotrauma 
on the right side (N=11) obtained the average value for the 
right Bennett angle of 4.3 degrees. The minimum value 
of the right Bennett angle was 0 degrees, which was reg-
istered on five athletes, while the value of 4 degrees was 
TABLE 1
DESCRIPTIVE STATISTICS FOR CONTROL GROUP (G1)
G1 N Mean Min Max Range Std.Dev.
BENR 11 14.44 7.00 25.80 18.80 6.09
BENL 11 12.89 5.80 21.80 16.00 5.17
DIFF 11 3.45 1.20 5.10 3.90 1.34
N – number of athletes, BENR – Bennett angle on the right side, 
BENL – Bennett angle on the left side, DIFF – difference between 
left and right Bennett angle, Std.Dev. – standard deviation
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registered on four athletes. The maximum value of the 
right Bennett angle was 16.6 degrees, which was mea-
sured on one athlete, while the next largest value was 14.7 
degrees. In the mentioned respondents the value of the left 
Bennett angle was 30 degrees. This was also the maxi-
mum value measured for the left Bennett angle. In these 
athletes, the difference between the values of the Bennett 
angle in injured and non-injured joints was 13.4 and 15.3 
degrees, which coincides with the difference between the 
injured and non-injured joints in the rest of the athletes. 
The average value of the Bennett angle on the left side was 
17.76 degrees. The minimum value of the left Bennett 
angle was 8.30 degrees, and the maximum value 30 de-
grees (Table 2.)
The statistical analysis of athletes with macrotrauma 
on the left side, which consisted of 12 athletes (G_3), ob-
tained the average value for the left Bennett angle was 
4.09 degrees. The minimum value of the left Bennett 
angle was 0 degrees, recorded in two athletes, while 4 
degrees was recorded in eight athletes. The maximum 
value of the left Bennett angle was 9.9 degrees, which was 
measured in one athlete, while the next largest value was 
7.2 degrees. The minimum value of the right Bennett 
angle was 7.2 degrees, and the maximum 30 degrees. The 
average value of the right Bennett angle of 20.06 degrees 
(Table 3.). 
The multivariate analysis of variance revealed sig-
nificant differences among the three independent groups 
of athletes: G_1 control group, G_2 group of athletes with 
macrotrauma on the right side and G_3 group of athletes 
with macrotrauma on the left side, in the case of three 
variables, and on the error level p < 0.01 (Table 4.). 
After examining the results of the arithmetic mean of 
the group, the obtained values indicate statistically sig-
nificant differences in the positive and negative direction 
among all three groups, depending on the side of the jaw 
affected by macrotrauma. The average values of the Ben-
nett angle, which can be found in the literature, range 
from 10 up to 50 degrees11,17,18,19. Measuring significantly 
affects the result with the maximum measured value of 
the Bennett angle of 24 degrees when the measuring is 
performed with the teeth in contact20. Hobo and Takaya-
ma state the average value of the Bennett angle of 10.7 + 
/-6.4 degrees, when measuring is done with the teeth in 
occlusion, which is the case in our study21. In Cimic et all.22 
investigation the average value of Bennett angle, for all 
participants, was 7.7 degrees. This value differs a lot from 
our values obtain by the same method. Computerized ax-
iography measurement in Piehslinger et all.23 investiga-
tion reveals average range for Bennett angles at maxi-
mum excursion in free mediotrusive movement was 
between 0.41 and 5.89 degrees (mean 4.43 degrees) in the 
healthy population on the right side and between 2.45 and 
10.07 degrees (mean 6.87 degrees), respectively, on the left 
side. The values for jaw patients amounted to 0.19-12.65 
degrees (mean 6.93 degrees), on the right side and 1.71-
14.15 degrees (mean 6.73 degrees) on the left side. Method 
of investigation was computerized axiography in both in-
vestigations, but values of Bennett angles in Piehslinger 
et all. differs a lot from our investigation in both groups    
The average value of the Bennett angle used in the 
average programming articulator is 15 degrees9,24. The 
values obtained in this study in non-injured athletes are 
in the range of values mentioned in the literature11. There 
is an obvious difference between the average value of the 
Bennett angle on the injured joints (left 4.9 and right 4.3 
degree) and the average values mentioned in the literature 
or the group of non-injured athletes in this investigation 
(Table 5.). 
The average Bennett angle on the contralateral joints 
i.e. the Bennett angle on the opposite side of the limited 
joint is larger than the average values given in the litera-
ture9,24. It is also larger than the average values obtained 
on the group of non-injured athletes in this study. On the 
contralateral joint, the maximum values for injured ath-
letes (30.0 degrees) are higher than the maximum values 
for non-injured athletes (right 25.80 and left 21.80 de-
grees). The wider angle of the contralateral joint can com-
TABLE 2
DESCRIPTIVE STATISTICS FOR ATHLETES WITH 
MACROTRAUMA ON THE RIGHT SIDE (G2)
G2 N Mean Min Max Range Std.Dev.
BENR 11 4,30 0,00 16,60 16,60 5,94
BENL 11 17,76 8,30 30,00 21,70 7,88
DIFF 11 13,46 4,30 26,20 21,90 5,98
N – number of athletes, BENR – Bennett angle on the right side, 
BENL – Bennett angle on the left side, DIFF – difference between 
left and right Bennett angle, Std.Dev. – standard deviation
TABLE 3
DESCRIPTIVE STATISTICS FOR ATHLETES WITH 
MACROTRAUMA ON THE LEFT SIDE (G3)
G3 N Mean Min Max Range Std.Dev.
BENR 12 20,06 7,20 30,00 22,80 6,69
BENL 12 4,09 0,00 9,90 9,90 2,64
DIFF 12 15,97 3,20 26,70 23,50 8,01
N – number of athletes, BENR – Bennett angle on the right side, 
BENL – Bennett angle on the left side, DIFF – difference between 
left and right Bennett angle, Std.Dev. – standard deviation. 
TABLE 4
SIGNIFICANT F-TESTS FOR UNIVERSITY FOLLOW-UP TESTS 








BENR 726,22 39,22 18,52 0,00
BENL 555,40 31,14 17,83 0,00
DIFF 494,32 34,89 14,17 0,00
BENR – Bennett angle on the right side, BENL – Bennett angle on 
the left side, DIFF – difference between left and right Bennett angle
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pensate for the limitations movement. At the time of the 
investigation all athletes were completely satisfied with 
the function of their TMJ movements, and all in all, with 
the function of their orofacial system. They did not feel any 
pain and they did not think that they had any problems. 
Obviously, the reason for this assessment lies in the com-
pensatory mechanisms as Theusner et al. had pointed 
out25. The results of this investigation, albeit on a small 
sample, reveal that the injuries of the orofacial system 
could produce changes in the movement of temporoman-
dibular joints and alter the protrusive paths and the val-
ues of the Bennett angle.
Conclusion
If the athletes with macrotrauma need prosthetic ther-
apy, without individual articulator adjustment, iatrogenic 
interference will occur. That interference over time may 
cause temporomandibular dysfunction. All patients need 
an individual approach to their stomatognatic system dur-
ing reconstructive procedures, and it is only in such a way 
that the damage to the system can be avoided. The results 
indicate the need for further research on a larger sample. 
A comparison of arthroscopic findings or nuclear mag-
netic resonance with electronic results would also be in-
teresting.
TABLE 5
MULTIVARIATE ANALYSIS OF VARIANCE (MANOVA)
Rao R (6,58)=24,38; Wilks’Lambda=0,08; df1(6); df2(58); 
p<,0000
BENR BENL DIFF
G1 14,44 12,89 3,45
G2 4,30 17,76 13,46
G3 20,06 4,09 15,97
G1 – control group, G2 – athletes with macrotrauma on the right 
side, G3 – athletes with macrotrauma on the left side, BENR – Ben-
nett angle on the right side, BENL – Bennett angle on the left side, 
DIFF – difference between left and right Bennett angle
R E F E R E N C E S
1.  GARTLAND S, MALIK MH, LOVELL ME, Br J Sports Med, 35 
(2001) 308. DOI: 10.1136/bjsm.35.5.308. — 2. GOMES PP, PASSERI LA, 
BARBOSA JR, J Oral Maxillofac Surg, 64 (2006) 63. DOI: 10.1016/j.
joms.2005.09.012. — 3. BIRRER RB, Am J Sports Med, 24 (1996) 72. — 4. 
FENTEM PH, Br Med J, 308 (1994) 1291. DOI: 10.1136/bmj.308.6939.1291. 
— 5. SARNA S, SAHI T, KOSKENVUO M, KAPRIO J, Med Sci Sports 
Exerc, 25 (1993) 237. DOI: 10.1249/00005768-199302000-00013. — 6. 
CLEGG J, Br Den J, 127 (1969) 341. — 7. FANUCCI E, SPERA E, OT-
TRIA L, BARLATTANI A JR, FUSCO N, MYLONAKOU I, BROCCOLI 
P, BARLATTANI A, SIMONETTI G, Oral Implantol, 1 (2008) 15. — 8. 
NELSON SJ, Wheeler’s Dental Anatomy, Physiology and Occlusion (Saun-
ders, London, 2009). — 9. SANTOS J JR, Occlusion: Principles and Treat-
ment (Quintessence Pub Co, Chicago – Warsaw, 2007). — 10.  OKESON 
PJ, Management of temporomandibular disorders and occlusion (Elsevier 
Mosby, Missouri, 2013). — 11. HOBO S, TAKAYAMA H, Oral rehabilita-
tion (Quintessence Publishng Co, Tokyo 1997). — 12. CIMIC S, SI-
MUNKOVIC SK, SIMONIC KOCIJAN S, MATIJEVIC J, DULCIC N, 
CATIC A, Acta Clin Croat, 54 (2015) 7. — 13. CIMIC S, SIMUNKOVIC 
SK, BADEL T, DULCIC N, ALAJBEG I, CATIC A, Cranio, 32 (2014) 104. 
DOI: 10.1179/0886963413Z.00000000015. — 14.  TANNAMALA PK1, 
PULAGAM M, POTTEM SR, SWAPNA B, J Prosthodont, 21 (2012) 181. 
DOI: 10.1111/j.1532-849X.2011.00811.x. — 15. GODAVARTHI AS, SAJ-
JAN MC, RAJU AV, RAJESHKUMAR P, PREMALATHA A, CHAVA N, 
J Int Oral Health, 7 (2015) 123. — 16. PRASAD KD, SHETTY M, 
CHANDY BK, Contemp Clin Dent, 6 (2015) 371. DOI: 10.4103/0976-
237X.161892. — 17. AULL AE, J Prosthet Dent, 25 (1965) 826. DOI: 
10.1016/0022-3913(65)90122-8. — 18. HOBO S, MOCHIZUKI S, J Pros-
thet Dent, 51 (1984) 642. DOI: 10.1016/0022-3913(84)90409-8. — 19. 
SHILLINGBURG HT, HOBO S, WHITSETT LD, JACOBI R, BRACK-
ETT SE, Fundamentals of fixed prosthodontics (Quintessence, Berlin, 
1997). — 20. NAKANO M, J JPN Prosthodont Soc, 19 (1975) 647. DOI: 
10.2186/jjps.19.647. — 21. HOBO S, TAKAYAMA H, Int J Prosthodont, 
2 (1989) 73. — 22. CIMIĆ S, SIMUNKOVIĆ SK, CATIĆ A, J Prosthet 
Dent, 115 (2016) 729. DOI: 10.1016/j.prosdent.2015.11.005. — 23. 
PIEHSLINGER E, CELAR A, SCHMID-SHWAP M, SLAVICEK R, Cra-
nio, 12 (1994) 33. DOI: 10.1080/08869634.1994.11677991. — 24. SANTOS 
J JR, Occlusion. Principles and concepts. (Ishiyaku EuroAmerica Inc, St. 
Louis – Tokyo 1985). — 25. THEUSNER J, PLESH O, CURTIS DA, HUT-
TON JE, J Prosthet Dent, 69 (1993) 209. DOI: 10.1016/0022-
3913(93)90142-B.
N. Lešić
Private Dental Practice Seifert, Trg Francuske Republike 8, 10 000 Zagreb, Croatia,  
e-mail: nikolina.lesic@gmail.com 
RAZLIKE U KRETNJAMA TEMPOROMANDIBULARNIH ZLOBOVA KOD SPORTAŠA SA I BEZ ORO-
FACIJALNIH OZLJEDA
S A Ž E T A K
Orofacijalne ozljede nastaju tijekom svih sportskih aktivnosti zbog pada, sudara s igračima, uređajima i tvrdim 
površinama. Svrha ovog istraživanja bila je ustanoviti postoje li promjene sagitalnog nagiba kondilne staze i prednjeg 
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vođenja kod sportaša koji nisu i sportaša koji jesu zadobili orofacijalne ozljede. Uzorak se sastoji od 34 sportaša koji su 
bili podijeljeni u dvije skupine (Kontrolna skupina i Skupina ispitanika). Kontrolna skupina sastoji se od 11 sportaša 
koji nisu zadobili nikakvu makrotraumu stomatognatog sustava (sportaši koji nisu zadobili udarac u lice). Druga sku-
pina je “Skupina ispitanika” koja se sastoji od 23 sportaša koji su zadobili makrotraumu (sportaši koji su zadobili udarac 
u lice), od toga 11 sportaša  zadobilo je udarac u desnu stranu čeljusti, a 12 sportaša zadobilo je udarac u lijevu stranu 
čeljusti. Sportaši koji su zadobili udarac u lice, odmah poslije udarca imali su ukočenost/bol žvačnih mišića, bol u području 
temporomandibularnih zglobova i limitaciju kretnji mandibule. Nakon nekoliko dana ili tjedana svi simptomi su prvo-
bitno umanjeni, a potom su u potpunosti nestali. U vrijeme istraživanja svi športaši bili su bez simptoma temporoman-
dibularnih promjena prema protokolu RDC/TMD, i u potpunosti su zadovoljni funkcijom svojeg stomatognatog sustava. 
Sportaši s makrotraumom imaju limitaciju Bennettovog kuta na jednoj strani, dok na drugoj strani Bennettov kut po-
kazuje veći kut od prosječnog Bennettovog kuta pronađenog u literature. Možemo zaključiti da ukoliko je sportašima s 
makrotraumom potrebna protetska terapija, te ako se ona provodi bez atikulatora koji je individualno prilagođen, može 
doći do stvaranja jatrogenih interference. Upravo takve interference mogu prouzročiti disfunkciju stomatognatog sustava. 
Svim pacijentima potreban je individualni pristup stomatognatom sustavu i samo na taj način moguće je izbjeći štetu 
sustava.  
